20 21 5. Our findings confirm that atmospheric conditions can strongly affect bird route 48 selection. Consequently, migration timing, speed and movement-related energy 49 expenditure differed considerably between the two migratory seasons and the two route 50 choices, highlighting a time-energy trade-off in the migration of white storks. 51 52 Key words: bird migration, environmental effects, flight modes, geographical barriers, route 53 selection, season-related behavioural responses, time-energy trade-offs, white stork 54 55 4
2 Abstract 22 1. Studying the causes and consequences of route selection in animal migration is 23 important for understanding the evolution of migratory systems and how they may be 24 affected by environmental factors at various spatial and temporal scales. One key 25 decision during migration is whether to cross "high transport cost" areas, or to 26 circumvent them. Soaring birds may face this choice when encountering waterbodies 27 where convective updrafts are weak or scarce. Crossing these waterbodies requires 28 flying using energetically costly flapping flight, while circumventing them over land 29 permits energetically cheap soaring. 30 2. We tested how several atmospheric factors (e.g., wind, thermal uplift) and geographic, 31 seasonal and state-related factors (sex and age) affected route selection in migrating 32 white storks (Ciconia ciconia). We used 196 GPS tracks of 70 individuals either 33 crossing or circumventing the north-easternmost section of the Mediterranean Sea, over 34 Iskenderun Bay in southern Turkey. 35 3. We found that westward and southward winds promoted a cross-bay journey in spring 36 and autumn, respectively, acting as tailwinds. Also, overall weaker winds promoted a 37 sea crossing in spring. Sea crossing was associated with flapping flight and higher 38 values of Overall Dynamic Body Acceleration (ODBA) and resulted in higher ground 39 speed than travel over land. 40 4. The combined environmental conditions and the effects of route selection on 41 movement-related energy costs and speed were likely responsible for an increase in the 42 time spent flying and distance travelled of migrating storks that decided to cross the 43 bay during spring. Notably, daily travel distances of spring migrants crossing the bay 44 were 60 kilometres longer than those of land-detouring birds, allowing them to reach 45 their destination faster but likely incurring a higher energetic flight cost. No such 46 benefit was found during autumn. Large terrestrial soaring birds depend on local atmospheric conditions during their flight, since 65 they utilize thermal uplifts to gain height and later glide towards their destination (Norberg, 66 1990 affected the propensity of several species of soaring migrants to cross the area of the strait of 6 of bird passage through the study area within the season. We additionally explored time and 110 energy consequences of route selection. We hypothesize that sea-crossing behaviour is not 111 random and depends on both extrinsic and intrinsic factors that could affect individual fitness. 112
We specifically predict that: (a) tailwinds will facilitate sea-crossing flight, and increase the 113 speed of migration (Becciu, Panuccio, Catoni, Dell'Omo, & Sapir, 2018; Nourani et al., 2016) . 114 (b) Early-spring migrants will show higher sea-crossing propensity due high motivation to 115 arrive earlier at their breeding grounds, and more so in males (Rotics et al., 2018) . Further, we 116 expect juveniles which are less prone to risk to travel through a safer land detour (Harel et al., 
Movement parameters 166
Information regarding environmental data annotation of the birds' tracks is provided in the 167 supporting online material (S1). We calculated ground speed ( ) based on the time interval 168 between two consecutive locations and additionally calculated the angle ( ) of each such 169 segment relative to the previous segment. These parameters were calculated using the package 170 was below 2 m/s after a day of flight. We calculated time spent flying and distance travelled as 186 cumulative sum of time and distance intervals at the day of the bay area crossing and at pre-187 defined sections of the daily trip (see below). 188
Data analysis 189
Our analyses were done considering tracks within a single day, during the time window when 190 the storks were migrating (03:00 -17:00 UTC). We divided our dataset into different subsets 191 depending on the position of the birds with respect to the bay on the day of crossing the study 192 area within the following three sections: 1) BEFORE (from take-off to the "bay area"see 193 below), 2) ACROSS (over the "bay area" or its projection over land), 3) AFTER (from the "bay 194 area" until landing). A minimum of three consecutive locations per section was required for 195 including data from a given section. The "bay area" is considered as the water body itself plus 196 its projection over land in a direction perpendicular to the GPS tracks (shaded area in Figure 1 , 197 see also Figure S1 ). We used averaged movement and environmental data per day and per each 198 bay-crossing section (depending on the analysis) to avoid spatial and temporal correlation on 199 the day when the storks passed over the study area. We assigned bird tracks to two categories, 200 namely LAND and SEA, for land-detour and sea-crossing routes, respectively.
10
To test the first part of prediction (a), as well as prediction (b), we tested bird route choice 202 before arriving at the bay using Generalized Linear Mixed Models (hereafter GLMMs) and then used the one with the lowest AICc among them. We used 10-fold cross-validation with 219 10 repetitions, where the best model was trained on 70% of the data and then applied to the 220 remaining 30% of the data. These data subsets were chosen randomly for each repetition 221 To test the second part of prediction (a) and prediction (c), we used linear mixed models 232 (LMMs) to examine the effects of route choice and environmental factors on the daily ground 233 and air speeds. We found the optimal structure of the fixed component as described above for 234 GLMMs, using AICc in a multi-model selection framework. Also, we inspected GLMMs and 235
LMMs residuals and considered the dispersion of the data (Zuur, 2009) Migrating white storks crossed the Iskenderun Bay more often in spring (61.5%) than in autumn 250 (39.8%). During the spring seasons of 2011 to 2015 storks crossed the Iskenderun Bay 51 times 251 and detoured it 32 times. Adults preferred crossing the bay rather than detouring it (NLAND = 252 24, NSEA = 50; χ 2 = 9.13, p < 0.01), while an opposite trend was found in juveniles (NLAND = 8, 253 NSEA = 1). Juveniles travelled mostly over land also in autumn, (NLAND = 25, NSEA = 9; χ 2 = 12 7.53, p < 0.01), whereas adults did not show any route selection preference in this season (NLAND 255 = 43, NSEA = 36; χ 2 = 0.62, p = 0.430). 256
In spring, wind speed, E-W wind speed and the ordinal date were ranked as the most important 257 variables influencing route selection (Figure 2a ) such that sea crossing was facilitated by 258 decreasing wind speed, increasing westward wind speed and earlier passage date ( Figure S12 The storks' ground speed was 7% higher on average in autumn than in spring (LMM: β = -0.77 294 ± 0.18, t192 = -4.3, p < 0.001). Considering their daily track and regardless of the season, they 295 were 8% faster on average when crossing the sea than when flying over land (LMM: β = 0.7 ± 296 juveniles when data from the two migration seasons were pooled. In spring, white storks flew 298 faster in tailwinds and slower under headwinds in general, but their route choice modulated 299 their response (Figure 2c ; Table S12 -13). Over land, they increased their ground speed in 300 tailwind (and decreased it under headwinds), but during sea crossing they maintained a rather 301 steady ground speed regardless of wind support ( Figure S3 ). In autumn, storks flew faster under 302 stronger winds, thermal uplifts, crosswinds and when crossing the bay, compared to over-land 303 flight. Also, adults flew faster than juveniles in this season (Figure 2d ; Table S26 ). In spring, 304 the best model with the lowest AICc value included Wp and not E-W winds (AICc = 11.45). 305
In autumn, the two selected models (AICc = 0) included either Wp and Wc or E-W and N-S 306 winds. 307
Airspeed 308
Overall, the storks' daily airspeed was 7% higher on average in spring than in autumn (LMM: 309 β = 0.55 ± 0.19, t192 = 2.89, p < 0.01), and adults were 9% faster on average than juveniles 310 (LMM: β = -0.5 ± 0.22, t192 = -2.25, p = 0.025). Notably, considering data from both seasons, 311 no significant difference in bird airspeed was found between detouring and bay-crossing storks. 312
In spring, bay-crossing storks adjusted their airspeed to wind support (Figure 2e ), decreasing it 313 with tailwinds and increasing it with headwinds, while land detouring storks did not adjust their 314 airspeed to wind conditions ( Figure S3 ). Also, storks generally increased their airspeed with 315 increasing wind speed (Figure 2e ). In autumn, stork airspeed was higher under stronger 316 headwinds, crosswinds and thermal uplifts and when crossing the bay (Figure 2f ). In both 317 seasons the best models with the lowest AICc values were those that included Wp and Wc, and 318 not E-W and N-S winds (AICc = 11.89 in spring and 40.81 in autumn).
16 the birds (Figure 3 , Table S1 ). We found that the distance covered and the time spent flying 324 depended on route choice. In spring, white storks that crossed the bay spent on average two 325 more hours flying (see also Figures S20-23) and covered 60 km more distance, with the main 326 difference found after crossing the bay, while in autumn the distance covered and the time spent 327 flying were similar between the two route choices (Figure 3a 
Discussion

352
We highlight how important and consequential the choice of migration route is for soaring birds 353 that either crossed a sea barrier or flew around it. Our findings uncover how migration route 354 selection over a shorter path that is nonetheless characterized by a "high transport cost" is 18 undertaken. In our case, the birds must flap over the sea, while flying a longer over-land detour 356 route is associated with a lower transport cost because the birds are able to soar over it. We Our second prediction (b) was supported by our results since early-spring migrants commonly 410 crossed the bay while relatively late migrants mostly detoured over land (Figure 2a and S14). 411
We note that the higher tendency to cross the sea in spring and mostly with westward winds 412 may be related to less suitable thermal conditions over land in spring that hindered soaring 413 flight, compared to autumn ( Figure S11 ). Furthermore, soaring conditions likely improved with 414 ordinal date in spring, possibly explaining the increasing tendency for a land detour with the 415 progression of the spring ( Figure S11) . Notably, early-spring migrants are typically considered 416 as 'higher-quality' individuals, with better body condition (Dittmann & Becker, 2003) , 417 breeding success (Smith & Moore, 2005), and flight performance (Matyjasiak, 2013) , which 418 might explain their higher rates of selecting the shorter but energy demanding sea-crossing 419 route. 420
Our findings partially support our third prediction (c) that sea-crossing flight is beneficial as it 421 saves travelling time (see also Figures S19-23) , and extends the daily distance travelled. Our 422 data suggest that this was the case only for spring but not for autumn. The results support the 423 prediction (d) that sea-crossing is associated with higher movement-related metabolic costs, 424 since sea-crossing birds mostly used flapping flight and had higher ODBA (and thus likely 425 higher flight energetic costs) compared with overland detouring birds. As predicted (e), no 426 individual consistency was found in bird route selection. 427
In autumn, choosing one route or the other had no benefits in terms of more distance covered 428 after the bay, but due to the use of flapping flight when crossing the bay, the birds that flew 429 over the sea likely had higher flight energetic costs compared with land detouring birds that 430 mostly flew using soaring flight. However, one has to bear in mind that since we found an effect 431 of the prevailing meteorological conditions on route choice, we could not compare storks that 432 used the two alternative routes under similar weather conditions. Hence, our comparison of 433 migration performance between overland versus sea-crossing tracks are limited by the specific 434 weather conditions that prevailed in the area in which the storks selected their route. 435 
